Mind-body therapies have been shown to be effective in clinical treatment of disorders such as high blood pressure and stress. Significant differences in the effectiveness of mind-body therapies have been shown and a common link among the therapies has yet to be defined. This article overviews the role of slow rhythmic breathing in physiological as well as therapeutic effects of mind-body therapies. Slow deep breathing practice has important implications as it may underlie the basic mechanism that synchronizes the brain with the autonomic response. This article reviews studies that include the effect of deep slow breathing with or without mind-body therapy exercises. In utero studies that monitor patterns of fetal breathing reveal sympathetic activation with irregular, shallow fast breathing movements compared to slow deep breathing. Recognition of respiratory mechanisms in mind-body therapies can lead to development of more effective relaxation exercises that may incorporate deep slow breathing in clinical applications.
Introduction
In a report on the nature and psychological problems in general practice, 54% of females and 46% of male patients had experienced some level of psychological problems. The most common disorders were depression, anxiety and substance abuse disorders (MaGPIe Research Group, 2003) .
In a World Health Organization study at 15 international sites, 24% frequency of psychological disorders in primary care settings was noted (Sartorius et al., 1996) Psychological stress has been thought to play a significant role in the development of hypertension by acting on the autonomic nervous system Snieder et al., 2002) . Chronic activation of the sympathetic nervous system has been linked to essential hypertension (Esler, 2000) . The acute phase of the stress response leads to increased sympathetic activation (Julius and Majahalme, 2000) . Animal and human studies have demonstrated that exposure to acute and chronic stress may augment sympathetic nervous system activation resulting in hypertension (Guyton and Hall, 2005) . The breathing pattern has been found to be the underlying mechanism for the sympathetic or parasympathetic response, for example, increased fast irregular breathing is associated with an increased sympathetic response (Eckberg, 2000) .
Effects of Deep Slow Breathing on Blood Pressure
Applying rules of evidence-based medicine, two series of systematic reviews of mind-body therapies were compared where it was noted that relaxation therapy is beneficial for anxiety and insomnia and hypnotherapy is useful for pain (Ernst et al., 2007) . In a study where relaxation techniques (e.g., music therapy, autogenic training, biofeedback) were compared to imagery training, the relaxation techniques were associated with the parasympathetic response and a slow breathing pattern, whereas such a response was not noticed with imagery (Blumenstein et al., 1995) . Slow deep breathing as practiced in various mind-body therapies is associated with the parasympathetic response (Jerath et al., 2006) . Monitored relaxation with biofeedback-assisted deep-diaphragmatic breathing, revealed a breathing pattern similar to meditation (Fried, 1987) . Monitoring of brainstem neurons during slow breathing revealed <0.15-Hz band cardiovascular rhythms, suggested to be a common origin of identical phenomena in humans and animals in the reticular formation of the brain stem (Perlitz et al., 2004) . In a study comparing the cardio-respiratory phase synchronization between inwardattention meditation and normal relaxation, the rhythm-ratio synchronization between heart rate and respiratory rate was noted to be 4:1 and 5:1. The study showed weak cardio-respiratory phase synchronization in normal relaxation compared to it being enhanced in meditation (Wu and Lo, 2009 ). In a similar study, a group of practitioners of Zen meditation revealed enhanced parasympathetic response when a slow breathing <0.15 Hz frequency was practiced (Wu and Lo, 2008) .
Augmented Response from Breathing on Hypertension
Fetal breathing movements are known to influence blood pressure and heart rate. Irregular shallow fast breathing in the fetus is associated with increase in blood pressure and heart rate (Cosmi et al., 2001) . Normotensive middle-school children and pre-hypertensive adolescents (Barnes et al., 2008) evaluated for ambulatory systolic blood pressure changes showed significant greater blood pressure reduction with breathing awareness meditation. This type of meditation does not involve manipulation of the breath. Similar blood pressure decreases in pre-hypertensive adolescents were reported in a similar study with Transcendental Meditation ® (TM) . A recent meta-analysis that compared well-controlled randomized trials in modulating the blood pressure revealed that TM is more effective than biofeedback, progressive muscle relaxation or stress management training (Rainforth et al., 2007) . No specific breath control is involved in the practice of the TM technique, however, a reduction of respiration rate has been reported (Dillbeck and Orme-Johnson, 1987) .
A large study of 21,565 subjects practicing deep breathing for 30 seconds induced significant blood pressure decreases in normotensive, untreated and treated hypertensives (Mori et al., 2005) . When slow deep breathing is practiced for 5 minutes applying the pranayama technique (an alternate nostril slow deep breathing technique), a significant reduction in both systolic and diastolic blood pressure was noted immediately after the exercise (Pramanik et al., 2009) .
In patients with resistant hypertension, device-guided slow deep breathing without meditation showed a significant reduction in ambulatory and home blood pressure (Grossman et al., 2001; Viskoper et al., 2003; Meles et al., 2004) . Slow deep breathing respiratory exercise (1 breath per minute) for 30 minutes daily on hemodynamic variables indicated dramatic shifts of hemodynamic variables that were suggestive of preventing or eliminating heart attacks. It was postulated that this effect is associated with resetting the cardio-respiratory brain-stem pacemaker (Shannahoff-Khalsa et al., 2004) .
Decrease in incidence of pre-eclampsia and improvement of hypertension has been indicated with relaxation exercises and deep slow breathing (Jerath et al., 2009) . A line of evidence supporting this theory is the decrease in the incidence of pre-eclampsia following the restoration of normal breathing. Induced maternal relaxation during the 32nd week of pregnancy resulted in significant changes in maternal heart rate, skin conduction and increased respiratory sinus arrhythmia. Parallel significant alterations of fetal neural behavior were observed including decreased fetal heart rate, and increased fetal heart rate variability with increased fetal movement-heart rate coupling (DiPietro et al., 2008) . Studies conducted with pregnant patients with abnormal umbilical artery Doppler findings demonstrated significantly improved blood flow when yoga was practiced with deep slow breathing techniques . A case-controlled prospective study of pregnant women who practiced a slow, deep breathing-based yoga technique starting at 18-20 weeks showed significantly decreased incidence of pre-term birth and pre-eclampsia .
Effects of Deep Slow Breathing on Stress
Oxidative stress may contribute to pathophysiology of many chronic diseases such as psychosocial stress. A study using stress reduction from Sudarshan Kriya (deep slow breathing meditation) revealed significantly lower levels of lactate, and higher levels of superoxidase dismutase, glutathione and catalase compared with controls (Sharma et al., 2003) . In another study, hemodynamic response to acute stress to healthy volunteers revealed significantly positive effect when slow deep breathing technique was applied (Nogawa et al., 2007) . After a two-month TM intervention, greater decreases in SBP reactivity to laboratory stress were observed compared controls (Barnes et al., 2001) .
Treatment with slow deep breathing in climacteric symptoms has been shown to decrease stress and neuroticism in women. A randomized controlled study of one hundred twenty five participants (ages 40-55) practicing yoga with pranayama showed a decrease in perceived stress and neuroticism compared to controls (Chattha et al., 2008) . A randomized controlled trial of pranayama with selected yoga asanas (postures) and slow deep breathing practiced for 3 months resulted in significant improvement in cardio-respiratory performance, psychological profile and an increase in plasma melatonin level. The maximum night time melatonin levels in the yoga group showed significant correlation with well-being (Harinath et al., 2004) . Patients with obsessive-compulsive disorder who practiced Kundalini yoga meditation were compared with the relaxation response plus mindfulness meditation. At 3 months, there was significant improvement in the obsessive compulsive scale, global severity index, profile of mood scales, and suggests that Kundalini yoga techniques are effective in the treatment of obsessive-compulsive disorder (Shannahoff-Khalsa et al., 1999) .
Conclusion
In utero, when irregular, fast shallow breathing is observed in the fetus, it is associated with the sympathetic response. Brainstem monitoring in humans and animals demonstrates synchronization of the cardio-respiratory system at the frequency of 6 breaths per minute. Deep slow breathing techniques lead to positive autonomic balance that affects brain, heart, and other organ systems innervated by the autonomic nervous system. It leads to drop in blood pressure and heart rate even without any meditative practice. However, when combined with a meditative practice the effects of slow deep breathing are noted to be significantly greater for hypertension, stress and anxiety, obsessive-compulsive disorder, and climacteric symptoms of post-menopausal women compared other relaxation techniques. Augmentation of the physiologic response from slow deep breathing appears to stem from resetting of the brain stem cardio-respiratory center. Controlled studies have shown significantly improved physiological, psychological and clinical response. Further studies are needed to compare techniques with and without deep slow breathing to validate its clinical benefit. In combination with other relaxation methods, deep slow breathing techniques may produce a better outcome in prevention and treatment of hypertension, preeclampsia, heart and psychological diseases.
